Introduction
Influenza is one of the most prevalent vaccine-preventable diseases. Every year it causes an estimated 3 million cases of illness and from 250 000 to 500 000 deaths throughout the world. 1 Influenza poses a particular risk of severe or fatal outcomes in the elderly, the very young and those with underlying chronic medical conditions. 2 In temperate regions in both the northern [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] and southern hemispheres, [14] [15] [16] epidemics of seasonal influenza in winter often lead to dramatic increases in hospitalizations and mortality. Although little information is available on the burden posed by influenza in tropical and subtropical regions, 17, 18 the disease is thought to be responsible for substantial morbidity and mortality in the subtropical Hong Kong Special Administrative Region (SAR), and in tropical Singapore and Thailand. [19] [20] [21] [22] [23] [24] Only a few estimates of the burden posed by influenza-associated mortality in low-and middle-income countries have been published. 14, 16 As few cases of influenza undergo laboratory confirmation, deaths caused by influenza may go unrecognized and be attributed to co-morbidities or to secondary complications of the infection. 25, 26 For several decades, the mortality attributable to influenza has therefore been estimated using statistical models and the elevations in mortality (i.e. the "excess" mortalities) recorded during seasonal epidemics of influenza. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [18] [19] [20] [21] [22] [23] Such estimates can be useful in identifying high-risk groups and in guiding vaccination policy.
China is a lower middle-income country whose population of 1.3 billion people is the largest in the world. The general perception that seasonal influenza does not cause substantial mortality in China may contribute to the underutilization of influenza vaccines in the country. 27 In this study, we used the results of the city-wide registration of vital statistics and weekly viral surveillance to estimate the influenza-associated mortality that occurred in eight Chinese cities between 2003 and 2008.
Methods

Mortality data and population denominators
As China has no national system for the registration of vital statistics, we focused on eight cities (Appendix A, available at: http://www.chinacdc.cn/xiazai/Feng-BullWorldHealthOrgan-2012-AppendixA.pdf) with high-quality, population-based systems for mortality registration and low rates of underreporting and misclassification in the study period (2003) (2004) (2005) (2006) (2007) (2008) . Three of the cities (Dalian, Qingdao and Zhaoyuan) lie in the temperate north of China and have a combined population Objective To estimate influenza-associated mortality in urban China. Methods Influenza-associated excess mortality for the period 2003-2008 was estimated in three cities in temperate northern China and five cities in the subtropical south of the country. The estimates were derived from models based on negative binomial regressions, vital statistics and the results of weekly influenza virus surveillance. Findings Annual influenza-associated excess mortality, for all causes, was 18.0 (range: 10.9-32.7) deaths per 100 000 population in the northern cities and 11.3 (range: 7.3-17.8) deaths per 100 000 in the southern cities. Excess mortality for respiratory and circulatory disease was 12.4 (range: 7.4-22.2) and 8.8 (range: 5.5-13.6) deaths per 100 000 people in the northern and southern cities, respectively. Most (86%) deaths occurred among people aged ≥ 65 years. Influenza-associated excess mortality was higher in B-virus-dominant seasons than in seasons when A(H3N2) or A(H1N1) predominated, and more than half of all influenza-associated mortality was associated with influenza B virus. Coding practices were based on a standardized protocol, and quality control and assurance were conducted routinely by staff from the Centre for Disease Control (CDC) in each location. As the data were not adjusted for underreporting, the estimated mortality rates that are reported below represent minimum values. 29 As in previous studies, 4,19-22 we obtained separate data for deaths from all causes and for deaths attributed to pneumonia and influenza (ICD-10 codes J10-J18), respiratory and circulatory disease (codes J00-J99 or I00-I99), ischaemic heart disease (codes I20-I25) and chronic obstructive pulmonary disease (codes J40-J47). Mortality was stratified by year, week of death occurrence and two age groups (0-64 years and ≥ 65 years).
Conclusion
Influenza virological surveillance
National surveillance of influenza-like illness (ILI) was launched in China in 2000. During the period investigated in the present study, sentinel hospitals reported the numbers of total outpatient visits and the numbers of visits by outpatients with ILI, either weekly throughout the year (in the 99 sentinel hospitals in the 15 subtropical southern provinces) or once a week in the cooler months of October to March (in the 94 sentinel hospitals in the 15 temperate northern provinces). These numbers were recorded on a centralized online system maintained by the Chinese Centre for Disease Control and Prevention in Beijing. In each sentinel hospital, on each day of the weeks in which surveillance data were recorded, respiratory specimens were collected from the first one or two ILI cases. This produced 10-15 such specimens per hospital per surveillance week. The specimens were sent to one of the 62 province-or prefecture-level CDCs and there they were tested for influenza virus using the protocols and kits released by the Chinese National Influenza Centre (a World Health Organization Collaborating Centre for Reference and Research on Influenza). As only sparse virological surveillance data were available for the cities we were investigating, the surveillance data for the temperate northern provinces and subtropical southern provinces (Appendix A) were aggregated to represent the influenza circulation patterns in the northern and southern study cities, respectively. An influenza type or subtype (A/H3N2, A/H1N1 or B) was considered dominant during an influenza season when it accounted for at least 50% of the respiratory specimens that were typed.
Influenza-associated excess mortality
Our main estimates are based on negative binomial regression models applied to the mortality and virological surveillance data for the eight study cities. 22 As a sensitivity analysis, we also applied Serfling regression models to the mortality data for the three northern cities, each of which showed an obvious peak in influenza activity during each winter in the study period (Fig. 1) . A brief description of the methodological approach is presented below but more details can be found in Appendix A.
We applied negative binomial regression models, separately for each disease outcome, the two age groups and the northern and southern cities, using weekly mortality counts as the outcome and the weekly proportions of respiratory specimens testing positive for influenza A(H1N1), A(H3N2) or B as the explanatory variables. The models included terms for seasonality, time trends and weekly population-size offsets, and they used an identity link. Compared with the over-dispersion of Poisson regression models, negative binomial models provided a better goodness of fit. 30 Viral surveillance data were lagged by 0 to 3 weeks; the optimum lag (3 weeks for all death outcomes) was identified by computing Pearson coefficients (r) for the correlations with mortality outcomes (without any filtering). 19, 20 Influenza-associated excess deaths were estimated separately for influenza A(H1N1), A(H3N2) and B viruses (Fig. 1) .
Since no surveillance for respiratory syncytial virus was conducted, no term for this pathogen was included in the model. As influenza circulated year-round in the subtropical southern provinces (Fig. 1) , we used a spectralanalysis approach to decide whether the use of one or two periods in the model for the southern cities was preferable. 31 Based on the results, we used 26-and 52-week periods for that model. The number of deaths attributable to influenza was calculated as the difference between the predictions from the full model and the predictions from the model with the covariates for every influenza subtype set to zero (Appendix A). A Serfling regression model was used to provide an alternative estimate of influenza-associated mortality in the northern cities. 9, 10 In this approach, the baseline mortality in the absence of influenza virus circulation was established by fitting a seasonal linear regression model, after excluding periods with high influenza activity (i.e. weeks 44-52 and 1-8; Fig. 1 ).
Epidemic weeks were defined as those weeks during each influenza season (weeks 40-52 and 1-13) when the observed number of deaths exceeded the epidemic threshold (defined as the upper 95% confidence limit on the baseline) for two or more consecutive weeks. Rates of weekly excess mortality were calculated as the observed mortality minus the baseline for all epidemic weeks (Appendix A). Seasonal excess mortality was then estimated as the sum of the weekly excess mortalities. Although all model terms representing linear and nonlinear time trends yielded statistical significance (P < 0.05), the terms representing seasonal fluctuations did not (P > 0.05). Overall, the Serfling regression models for the three northern cities fitted the mortality data for people aged ≥ 65 years moderately well when the deaths analysed were those coded as respiratory and circulatory disease (R 2 = 0.57; fit excluding winter weeks), ischaemic heart disease (R 2 = 0.61), chronic obstructive pulmonary disease (r = 0.36) or any cause (R 2 = 0.51), but they only gave a poor fit with deaths attributed to pneumonia and influenza (R 2 = 0.04). For people aged < 65 years, the R 2 values for each death category were generally lower, having ranged from 0.16 to 0.27, and the fit with the data on deaths coded as pneumonia and influenza was too poor to yield statistical significance.
Wilcoxon signed-rank tests were used to compare the annual mean death rates for the three northern cities that were estimated using the negative binomial model with: (i) the corresponding estimates from the Serfling model, and (ii) the rates in the five southern cities that were also estimated using the negative binomial model. Version 9.1 of the SAS software package (SAS Institute, Cary, USA) was used for all the statistical analyses. A Pvalue of < 0.05 was considered indicative of a statistically significant difference.
Results
Mortality
Between 2003 and 2008, the mean annual mortality rates, in deaths per 100 000 population, were 618 (range: 581-659) in the three northern cities and 692 (range: 673-708) in the five southern cities. Most of the deaths (69.6% in the northern cities and 77.8% in the southern) occurred among individuals aged ≥ 65 years. The coded cause of almost half of all deaths (49.0% in the northern cities and 46.2% in the southern cities) was respiratory and circulatory disease (Table 1, available at: http://www.who. int/bulletin/volumes/90/4/11-096958). Death rates for the other disease outcomes varied between the southern and northern cities, with the northern cities recording relatively high numbers of deaths attributed to ischaemic heart disease or pneumonia and influenza and relatively low numbers of deaths attributed to chronic obstructive pulmonary disease. In all the study cities, the underlying cause of death was rarely coded as influenza.
During the 6-year study period, all categories of death peaked in the winter months in each city that was investigated. A second peak in mortality was observed in the southern cities in June and July ( Fig. 1 and Appendix A). In general, annual death rates were relatively constant throughout the study period. However, the annual mortality attributed to ischaemic heart disease in the northern cities increased over the study period (the linear regression of death rate against week gave a P-value of < 0.01), while that attributed to chronic obstructive pulmonary disease in southern cities showed a significant decrease (P < 0.01). Influenza virus activity in the three temperate northern cities showed marked seasonality matching mortality patterns, whereas influenza apparently circulated year-round in the five subtropical southern cities, with no clear seasonality ( Fig. 1 ).
Influenza-associated excess deaths
Negative binomial models
The negative binomial models indicated that, for the period 2003-2008, the mean annual numbers of influenza-associated all-cause excess deaths in the northern cities and southern study cities were 1825 (range: 1103-3397) and 2446 (range: 1551-3844), respectively. The corresponding annual mortality in the northern cities was higher than that in the southern cities (18.0 versus 11.3 influenza-associated excess deaths per 100 000 persons), but the difference did not quite reach statistical significance in a Wilcoxon signed-rank test (P = 0.063; Table 2 ). Most influenza-associated excess deaths (93.7% and 86.3% of those in the northern and southern cities, respectively) occurred among people aged ≥ 65 years, and the rates of influenza-associated excess mortality in this age group were much higher than among younger individuals, in both the northern study cities (150.8 versus 1.3 deaths per 100 000) and the southern cities (75.4 versus 1.8 per 100 000).
The rates of influenza-associated mortality attributed to respiratory and circulatory disease were higher in northern than in southern cities (12.4 versus 8.8 deaths per 100 000) but, again, the difference did not reach statistical significance in a Wilcoxon signedrank test (P = 0.091). Almost all of the influenza-associated deaths attributed to respiratory and circulatory disease occurred among people aged ≥ 65 years in both the northern (95.7%) and southern (94.0%) cities, and the corresponding mortality rates were higher in people aged ≥ 65 years than in younger individ- uals. In general, the influenza-associated mortality attributed to other causes linked to influenza (i.e. ischaemic heart disease, chronic obstructive pulmonary disease and pneumonia and influenza) showed similar age-and region-specific patterns, although the mortality attributed to chronic obstructive pulmonary disease was higher in the southern cities than in the northern ones (Appendix A). The influenza-associated excess allcause mortality and the corresponding excess mortality attributed to respiratory and circulatory disease showed seasonto-season variability. Most influenzaassociated excess deaths were associated with the B or A(H3N2) viruses; only 11% of such deaths in the northern cities investigated and no such deaths in the southern cities were associated with A(H1N1) ( Table 3 ). Of the influenzaassociated excess deaths, a greater proportion was associated with the B virus than with A(H3N2), both in the northern cities (49.6% versus 39.7% for respiratory and circulatory disease; 50.9% versus 38.2% for all-cause) and in the southern ones (66.1% versus 33.9% for respiratory and circulatory disease; 64.8% versus 35.2% for all-cause). However, the cor- Table 3 ). This pattern was observed in both age groups that we considered and in both the northern and southern cities (Appendix A). In both the northern and the southern cities, the excess rates of all-cause mortality and of mortality attributed to respiratory and circulatory disease were positively correlated with the percentages of specimens testing positive for influenza B (Fig. 2) .
Serfling models
The age-specific rates of influenzaassociated excess mortality that were estimated using Serfling models were similar to those derived using negative binomial models (Wilcoxon signed-rank tests, P > 0.05; Table 2 and Appendix A).
Most of the excess deaths estimated using Serfling models (86.3% of the all-cause deaths and 90.5% of those attributed to respiratory and circulatory disease) occurred among people aged ≥ 65 years.
Discussion
Our findings demonstrate that influenza activity is associated with excess deaths in China -a lower middle-income country with the world's largest population and diverse climate patterns. Our estimates of the annual rates for total influenza-associated all-cause mortality and for influenza-associated mortality attributed to respiratory and circulatory disease in eight Chinese cities are similar to estimates from other countr ies. 4 where about 90% of influenza-associated deaths have been found to occur among the elderly.
In the temperate study areas of northern China, where influenza circulation is strongly seasonal, we used both Serfling and negative binominal models to estimate the excess mortality associated with influenza. The fact that these two approaches produced similar estimates for all-cause mortality and for mortality associated with respiratory and circulatory disease demonstrates the robustness of our results. The coding of very few deaths as having been caused by pneumonia and influenza in China may explain why the fit of the Serfling models to the data on such deaths was particularly poor.
The rate of influenza-associated mortality in the temperate study areas was higher than that in the subtropical study areas farther south, particularly among the elderly. Among the possible explanations for this difference are regional variation in socioeconomic and demographic factors; the reporting of vital statistics, and influenza seasonality. The estimates of excess influenzaassociated mortality made in the present study are similar to the corresponding estimates published for temperate Australia, 15 Italy, Research Influenza-associated mortality in China Luzhao Feng et al.
States, [3] [4] [5] 10 the subtropical city of Guangzhou in China, 21 4, 22 ; differences in the study periods, each with distinct influenza activities and dominant strains; and potential differences in the quality of the viral surveillance and mortality data used.
Our most interesting findings were that influenza-associated death rates were highest during periods when influenza B virus was circulating, rather than during periods when A(H3N2) was dominant, and that very few or no deaths were associated with the A(H1N1) virus. These results differ substantially from the mortality patterns seen in Hong Kong SAR and the United States, 4, 9, 10, 19 where the highest death rates were associated with A(H3N2) activity. However, our results should be treated with caution since they are based on data collected over only five influenza seasons. The prevalence of influenza B during the study period may have been unusually high, and the patterns of influenza seasonality and circulation in China appear to be complex. Additional studies exploring the association between influenza B and mortality are warranted in China and other parts of the world. Limited information is available on the clinical severity of influenza B infections in China, and, unfortunately, too few young children were included in our study to give a reasonable estimate of influenza B-associated mortality in this age group. Further studies in subtropical southern China would be very interesting in this respect, as influenza viruses there circulate year-round, with peaks in both summer and winter months and a complex cycling of subtypes. Additionally, surveillance data for other respiratory viral and bacterial infections, including respiratory syncytial virus, are crucial if the patterns of influenzarelated mortality in China are to be fully elucidated.
Our study has several potential limitations. Even in the large urban cities that we investigated, some deaths during the study period were probably not registered and the recorded underlying causes of some of the registered deaths were probably not specific enough to be coded accurately. 29, 32, 33 Such underreporting and misclassification of deaths could lead to the underestimation of influenza-associated excess mortality in China. Our estimates of the influenzaassociated excess mortalities attributed to pneumonia and influenza are much lower than those reported from more developed countries, probably owing to between-country differences in coding practices for diseases of the lower respiratory tract. 4, 5, 10, 12, 19, 22 In addition, as influenza virus surveillance in China gradually expanded between 2000 and 2005, year-to-year variations in surveillance coverage and/or laboratory methods may have influenced our estimates, despite our attempts to adjust for the annual number of specimens tested for influenza. Finally, given the substantial regional differences in climate, access to medical care and socioeconomic determinants of health, as well as the disparities between urban and rural areas, our estimates based on mortality data from eight relatively wealthy cities in eastern China may not be generalizable to the rest of the country.
This study highlights the substantial mortality associated with influenza in both temperate and subtropical areas of China. The findings have important implications for China's strategies to prevent and control influenza. First, our results contrast with the general perception that influenza is not an important contributor to mortality in China. Second, they support the recommendation issued by the Chinese Centre for Disease Control and Prevention to practice annual influenza vaccination of the elderly (as the target population at the greatest risk of developing severe complications from influenza infections). 34 Third, the finding that seasons in which influenza B virus dominates are associated with relatively high mortality deserves special attention and scrutiny, and it suggests the need to improve seasonal surveillance and characterization of influenza B virus variants. Our strategy of using the mortality data available for a period of about 5 years from large cities to model influenza-associated deaths may be applicable in other countries that lack national mortality registration.
The present estimates of seasonal influenza-associated deaths in selected urban cities represent only the first step in quantifying the burden posed by influenza in China. The next steps include describing the impact on mortality of infection with A(H1N1)pdm09 and a more comprehensive assessment of seasonal influenza-associated mortality using a nationally-representative system of death registration. In addition, further studies are needed to evaluate the impact of underlying host susceptibility, access to medical care, socioeconomic status and co-circulating bacterial and viral pathogens on the influenza burden in different areas of China. Such studies can help strengthen evidencebased decision-making and guide the introduction of national programmes of influenza immunization to mitigate the global impact of inter-pandemic influenza. ■ Research Influenza-associated mortality in China Luzhao Feng et al.
Résumé
Mortalité associée à la grippe dans les villes des zones tempérées et subtropicales de Chine, 2003-2008
Objectif Estimer la mortalité associée à la grippe en Chine urbaine. Méthodes La mortalité excessive associée à la grippe pour la période 2003-2008 a été évaluée dans trois villes de la zone tempérée du nord de la Chine et dans cinq villes de la zone subtropicale du pays. Les estimations ont été établies sur des modèles basés sur des régressions binomiales négatives, des statistiques vitales et les résultats de la surveillance hebdomadaire de la grippe. Résultats La mortalité annuelle excessive associée à la grippe, dans tous les cas, a été de 18 (plage: 10,9-32,7) décès pour une population de 100 000 personnes dans les villes du nord et de 11,3 (plage: 7,3-17,8) décès pour une population de 100 000 personnes dans les villes du sud. La plus grande partie de cette mortalité excessive -respectivement 12,4 (plage: 7,4-22,2) et 8,8 (plage: 5,5-13,6) décès pour une population de 100 000 personnes dans les villes du nord et du sud -a été attribuée à des maladies respiratoires et/ou circulatoires. La plupart des décès (86%) sont survenus chez des personnes de ≥65 ans. La mortalité excessive associée à la grippe a été plus élevée lors des saisons où prédominait le virus B plutôt que lors de celles où prédominaient les virus A(H3N2) ou A(H1N1) et plus de la moitié de l' ensemble de la mortalité associée à la grippe a été associée au virus B de la grippe. 
Conclusion
Resumen La mortalidad asociada a la gripe en ciudades chinas con clima templado y subtropical, 2003-2008
Objetivo Calcular la mortalidad asociada a la gripe en la China urbana. Métodos Se calculó el exceso de mortalidad asociado a la gripe durante el periodo comprendido entre 2003 y 2008 en tres ciudades del norte de China con clima templado y en cinco ciudades del sur del país con clima subtropical. Los cálculos se obtuvieron de modelos basados en regresiones binomiales negativas, estadísticas vitales y de los resultados de la vigilancia semanal del virus de la gripe. Resultados El exceso de mortalidad anual asociado a la gripe, por todas las causas, fue de 18,0 (rango: 10,9-32,7) muertes por cada 100 000 habitantes en las ciudades del norte y de 11,3 (rango: 7,3-17,8) muertes por cada 100 000 habitantes en las ciudades del sur. La mayor parte de este exceso de mortalidad -12,4 (rango: 7,4-22,2) y 8,8 (rango: 5,5-13,6) muertes por cada 100 000 habitantes en las ciudades del norte y del sur, respectivamente -se atribuyeron a una enfermedad respiratoria y/o circulatoria. La mayoría de las muertes (el 86%) ocurrió en personas con una edad ≥ 65 años. El exceso de mortalidad asociado a la gripe fue superior en épocas con un virus B dominante que en épocas en las que predominaron los virus A(H3N2) o A(H1N1). Más de la mitad de la mortalidad total asociada a la gripe se asoció al virus B de la gripe. Conclusión Entre 2003 y 2008, la gripe estacional, particularmente la causada por el virus B de la gripe, estuvo asociada a la mortalidad sustancial en tres ciudades de China con clima templado y en cinco ciudades del sur del país con clima subtropical. Table 4 . 
